A number of workers have suggested that rates of acetate cycling in sediments may approximate the rates of anaerobic decomposition of organic matter. However, few studies have examined whether this relationship holds over very short time scales, such as those encountered during the deposition of the spring bloom into coastal sediments. In this study, we measured acetate concentrations and uptake rate constants in surface and bottom waters and in the top few centimeters of sediment in Long Island Sound. Samples were collected every 2-3 weeks from early spring to early summer of 1993. Acetate concentrations varied from 85 to 530 nM in the water column and from <2 to 29.8 FM,,,<, in pore water. Acetate concentrations in pore water showed a strong depth variation, with a concentration maximum in the surface few millimeters, as well as a strong temporal variation. The concentration of acetate averaged over the top 4 cm varied from about 5 PM,,~ in the early spring to 14.3 PM,,~ following the addition of spring bloom-dcrivcd organic carbon, Acetate uptake rate constants in the water column varied from 0.0012 to 0.037 h-l (turnover time 33.4 to 1.13 d). The avcragc uptake rate constants in the sediment over the top 4 cm varied from 0.07 to 0.59 h-l (turnover time 0.59 to 0.07 d) and tended to increase over the course of the experiment in both the sediment and the water column. In the water column, acetate uptake rates (calculated as rate constant times concentration) varied from less than one nanomolc per liter per hour in the early spring to tens of nanomoles per liter per hour in the early summer. In the sediment over the same period, acetate uptake rates averaged over the top 4 cm varied from 0.13 to 5.25 PM,,<, I h I. Rates of acetate metabolism to CO, agreed within a factor of two to cstimatcs of the X0, flux from the sediments, and both increased sharply following the deposition of the spring bloom. However, because temperatures were also increasing during this period, we are unable to separate unambiguously the effects of supply of labile carbon and of temperature on the acetate uptake rate.
Organic matter input to surface sediments of coastal regions shows a strong seasonality due to variations in primary production. This is particularly true in temperate regions where, following a bloom, fresh organic matter quickly reaches the sediment-water interface where it is decomposed aerobically in surficial sediments or is partially mixed downward by benthic organisms. Particle mixing by marine animals introduces labile carbon into suboxic or anoxic zones on time scales that are usually more rapid than burial due to sedimentation. As a result of this deposition and mixing, oxygen penetration in shallow water regions may be a few millimeters in winter, while oxygen is completely absent from sediment during summer.
It is widely agreed that the decomposition of sedimented organic matter is affected by the chemical composition of the organic compounds of which it is composed. The multiple-G model (Berner 1974; Westrich and Berner 1984) treats the organic matter as consisting of a series of organic ' Present address: Nytest Environmental, Inc., 60 Scaview Blvd., Port Washington, New York 11050.
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We thank Robert Aller, Cindy Let, and Kirk Cochran, the principal investigators for the PULSE project, for encouraging and facilitating our participation in this program. Bob Aller, Magali Gerino, Cindy Lee, and Ian Stupakoff provided invaluable help in collecting the field samples. Financial support was provided by NSF grant 90-l 7737 (to Scranton) and DOE grant DE-FG02-92ER6 1464 (to Aller, Lee, and Cochran) . This is contribution 1070 from the Marinc Sciences Research Center. matter types (Gl, G2, G3, etc.) with differing labilities. In the study of Westrich and Berner (1984) , the most labile fraction, Gl, had a decay constant of 18 +-7 yr-' under oxic and 8.0 2 1 yr-' under anoxic conditions while a less labile component had a decay constant of about 2.3 + 0.9 yr-' under oxic and 0.94 2 0.25 yr-' under anoxic conditions. Due to the long incubation times during this and other similar studies, labile fractions with much larger decay constants are not detected. Presumably the most labile fractions consist of monomeric compounds such as acetate that are easily metabolized by bacteria (on time scales of hours to days) and require short-term incubations for accurate detection.
Acetate is one of the most important products of anaerobic fermentation of organic matter in both freshwater and marine sediments (Ansbaek and Blackburn 1980; Balba and Nedwell 1982; Sansone 1986) and is an important substrate for both sulfate-reducing and methanogenic bacteria. Both concentrations and turnover rates of acetate are affected by input of fresh organic matter near the sediment surface (Ansbaek and Blackburn 1980; Balba and Nedwell 1982; Sansone 1986) , as well as in the anoxic water column (Wu and Scranton 1994) . Temperature also has been shown to play a role in controlling acetate uptake (Sansone and Martens 1982) , as well as rates of many microbially mediated geochemical processes, such as the rate of sulfate reduction (Jorgensen 1978) and manganese reduction (Aller 1980) . Sansone and Martens (1982) examined the Arrhenius relationship [slope of linear relationships between T-l and ln(rate)] for both acetate respiration to CO, and methane production from acetate in the methanogenic zone in Cape Lookout Bight sediments, and found that temperature was likely to be the most 705 important factor controlling acetate metabolism in this zone. However, a nonlinear relationship between T-1 and ln(rate) for acetate respiration to CO, was found in the sulfate-reducing zone, which they suggested was due to the importance of additional factors, other than temperature, in the sulfate-reducing zone. They hypothesized that transport of organic matter to the sulfate-reducing zone by bioturbation was influencing acetate uptake in that horizon. Alperin et al. (1994) also showed that variations in nonacid-volatile dissolved organic carbon (DOC), the presumed precursor of acid-volatile DOC, are controlled both by temperature and by the availability of reactive particulate organic carbon (POC).
The purpose of the present study was to examine the role of acetate cycling in the early diagenesis of pulse inputs of phytoplankton-derived material in coastal waters and sediment. If acetate is an important intermediate in the decomposition of fresh organic matter, we would expect acetate cycling rates to correlate positively with variations in the availability of reactive carbon. Our general approach was to monitor acetate concentrations and uptake rate constants before, during, and after a spring bloom. More specifically, we wanted to (1) investigate the seasonal patterns of acetate cycling in a coastal environment following a bloom in the water column and deposition to the underlying sediment; (2) study the depth distribution of acetate relative to changes in sediment redox chemistry and in the distribution of fresh organic matter downcore; and (3) make a general attempt at separating the effect of natural temperature variations and input of fresh organic matter on acetate uptake rate constants and uptake rates.
We had the opportunity to collect our samples during a recent program (PULSE), conducted as a precursor project for a U.S. Department of Energy study of the cycling of organic matter and carbon dioxide on the open continental shelf. One of the main goals of the PULSE project (Aller, Lee, and Cochran, principal investigators) was to look at the benthic geochemical response of coastal sediments to a pulse input of fresh organic matter. The present study took advantage of the fine temporal and depth scales of sampling of the PULSE project to study the depth distribution, and its seasonal variability, of the acetate cycle in Long Island Sound, an estuarine system lying between Connecticut and Long Island, New York. Samples for this study were collected during the final 8 cruises of the 1 l-cruise PULSE project.
Methods
Chl a-Surface water for Chl a analysis was collected approximately every 3 d by using the Port Jefferson/Bridgeport Ferry and during each PULSE cruise (Gerino et al. 1997) . Surface water was collected using a bucket and transferred into two l-liter Nalgene bottles. Water collected during the PULSE cruises was first passed through a 125-pm mesh screen to remove zooplankton. Bottles were stored in a cooler in the dark until returning to the laboratory (within 3 h). Seawater was stirred by lightly shaking and inverting the Nalgene bottle after which three 150-ml surface-water aliquots were filtered through 25-mm Gelman-type A/E glass-fiber filters. Chl a was extracted overnight into 10 ml of 90% acetone and measured Auorometrically in the extract.
Acetate concentrations-Seawater samples were collected from the surface (-1 m depth) and bottom (-1 m above the bottom) waters of Long Island Sound using a IO-liter Niskin bottle. The water was filtered (0.22-pm Nuclepore filter) onboard ship and stored at the in situ temperature of the surface sediment (which was within a degree or two of the temperature throughout the water column). In the laboratory, watercolumn samples were concentrated by using the static diffusion method described by Yang et al. (1993) and Wu and Scranton (1994) . The Preconcentration process serves to preserve the acetate, which is trapped in a 10 N KOH solution. The concentrated samples were stored in a refrigerator until GC analysis could be completed. MilliQ water (0.5 liter), redistilled over base, was filtered onboard ship to serve as a blank for seawater analysis. For a given sampling date the variation in duplicate blanks was <30%.
Sediment was collected using a Soutar-style box corer (surface area 25 X 25 cm). Subcores of IO-15-cm length were taken by gently inserting 4.4-cm-diam core tubes into the box core once it had been returned to the deck. Approximately 5-10 cm of water was 'kept in the core tube above the sediment, and the core was stored at in situ temperature and gently stirred until analysis (4-6 h). Upon return to the laboratory, water in the core liner above the sediment-water interface was carefully removed, and the top 10 cm was sectioned in N,-filled glove bags at depth intervals of between 0.25 and 3 cm. Sectioned sediment was centrifuged at in situ temperature for 20 min at 3,000 rpm, and pore water was filtered through a 0.45-pm Millipore filter and stored frozen until GC analysis (usually a few days).
Prior to analysis, pore-water samples were thawed at room temperature, and pore-water and water-column samples were analyzed for acetate using gas chromatography. Immediately before injection into the GC, 35 ~1 of 0.5 M H,PO, were added to 200 ,ul of pore water or concentrated seawater, and the acidified sample was then vacuum distilled (Christensen and Blackburn 1982; Michelson et al. 1989) . The chromatographic method used an HP 5890A GC equipped with an FFAP column (0.53 pm I.D. X 30 m). The FFAP column is designed to permit analysis of trace amounts of short-chain fatty acids in small volumes of water without derivatization (Hordijk et al. 1990 ). The oven was programmed with an initial temperature of 98°C for 3 min, followed by a temperature program of 15°C min I to a final temperature of 180°C for 5 min. Acetate peaks were identified by retention time, which was confirmed by coelution with a standard. Acetate standards were made with double-distilled water and were analyzed by the same analytical procedure as the samples. The detection limit for water column samples was on the order of 60-150 nM (blank corrected), which represents a peak with twice the area of a distilled water blank. For sediment samples, the detection limit was -2 ,uM. In this paper, sediment acetate concentrations were calculated by multiplying the pore-water concentrations by the sediment porosity (Green unpubl. data) and are presented as micromoles of acetate per liter of wet sediment (PM,,~). No higher fatty acids were detected in the Long Island Sound samples.
Acetate uptake rate constant--Water-column acetate uptake rate constants were determined by using radiotracer methods described by Lee (1992) and Wu and Scranton (1994) . Seawater samples were collected near the surface and bottom by using Niskin bottles and were stored in tightly stoppered l-liter glass bottles at in situ temperatures. Upon return to the laboratory, prewashed and dried 40-ml glass vials were filled with water samples from each large bottle, and 0.18 nmol of [U-14C]acetate (57 mCi mmol-') were added to each bottle through a septum by using a gas-tight syringe. The radiotracer solution was made from [U-14C]sodium acetate in a solution of 2.7% sodium chloride (the same salinity as the average Long Island Sound seawater) and was deoxygenated by bubbling with N, for 0.5 h. The incubations were conducted at approximately in situ temperature (t0.5"C). At four time intervals between 15 min and 6 h (depending on temperature), vials were sacrificed by filtration through a 0.22-pm Nuclepore filter. Incorporation (into particulate material) and respiration (to CO,) were measured following a method described by Lee (1992) , which was adopted from Wright and Hobbie (1966) and Hobbie and Crawford (1969) . The rate constant, k, is calculated from the equation
where a is the activity taken up into particles plus that respired to CO,, A is the activity of added labeled substrate, N is the number of labeled carbon positions in the labeled substrate, and t is the incubation time. In all sets of incubations, a 2% formaldehyde control sample was run, and a small amount of adsorption (<0.5%) was corrected for. The linear cocfficicnt of determination (r2) obtained from these plots was in all cases >0.70 and in most cases >0.95. For measuring uptake rate constants in sediments, incubation subcores were taken from the same box core as subcores for concentration measurements and were stored in a refrigerator at in situ temperature until analysis. Acetate uptake rate constants were determined by using duplicate subcores by the intact core incubation technique as described by Jorgensen (1978) . Tracer was added in a thin line across the core diameter in the form of 2 ~1 of a solution containing 0.35 nmol of [U-14C]acetate (57 mCi mmol I). Core incubations were made at in situ temperature with incubation time varying from 20 to 40 min.
Several potential problems arise with uptake rate constant measurements in sediments that may yield reported uptake rate constants that are too low. The first important problem is that such measurements only record rates of conversion of acetate to CO, because incorporation of acetate into cellular material cannot easily be evaluated in sediments. In addition, acetate is known to absorb relatively strongly and irreversibly on sediments. By using a porosity-independent adsorption coefficient (K*) of 1.06, which at a porosity of about 0.8 yields a porosity-corrected adsorption constant (K> of 0.66 (Michelson et al. 1989) , and assuming that adsorption is 100% irreversible (Wang and Lee 1993) , -60% of the added spike will remain in solution. If the initial spike is much larger than the amount of label converted to product (A >> a), the principal effect of adsorption is to decrease the amount of labeled acetate available in solution for bacteria. In this case, the calculated rate constant will not be affected. However, the shortest measured turnover time was 1.25 h and incubation times were between 20 and 40 min. Therefort, the incubation experiments may have been sufficiently long that, in some of the most active samples, a significant fraction of the acetate in solution was depleted.
Study site-Samples were collected at a station in the same location as the well-studied North-West Control site that is located in the northern part of central Long Island Sound and for which hydrographic and biological features have been described by Yingst and Rhoads (1978) and Aller (1980) . The depth of the water column is -14 m. The salinity of Long Island Sound at this site ranges from 24 to 28%0 (Riley 1956) . During this study, the bottom-water temperature varied from approximately 0°C in early March to 15.8"C in late June. The average sedimentation rate at the North-West Control site ranges from 0.02 to 0.06 cm yr-I. Surface sediments (top 1 mm) are subject to constant resuspension, and the upper few centimeters may be eroded and redeposited during major storms (Aller and Cochran 1976) . Typically the spring phytoplankton bloom in Long Island Sound pccurs in late February to early March (Conover 1956 ). However, during this study, peak surface water Chl a concentrations occurred in late April (Gerino ct al. 1997).
Results
Chl a-The spring phytoplankton bloom in Long Island Sound during 1993 occurred between the third and fourth cruise and was recognized by a large increase in Chl a concentrations in surface waters from prebloom (-1 .O pg liter-'), to bloom (-7.0 pg liter-l), followed by a postbloom decline (-2.0 pug liter-'). The timing of the peak in water column Chl a is shown in Figs. 1, 2, 6, and 7 by a solid vertical line.
Acetate concentrations-Acetate concentrations from the water column are shown in Figs. 1A (surface water) and 2A (bottom water). Surface-water concentrations varied from 160 to 530 nM (blanks have been subtracted), while bottomwater concentrations were between 95 and 340 nM. The lower values in both cases are close to our limits of detection. The surface-water concentrations were variable but tended to be higher during the earlier cruises, while bottom-water concentrations, with the exception of the 1 March cruise, increased slightly with time. Concentrations tended to be lower in the bottom water than at the surface early in the season, but after the bloom in early May, which is indicated by the vertical line in the figures, the surface-water concentration was approximately the same as, or slightly higher than, that in the bottom water. 1994). Lee (1992) estimated that the acetate concentration at Chemotaxis Dock (Woods Hole, Massachusetts) was 20 nM, which is the lowest of any reported acetate value of which we are aware and, if real, may reflect differences in the environments being studied.
Pore-water acetate concentrations were obtained for slices of sediment with thicknesses shown as vertical bars in Fig.  3 . The center of each bar represents the center of the slice. Depth profiles generally showed a maximum in the surface 1 or 2 cm, below which concentrations were lower and relatively constant. For 12 April 1993 (Fig. 3C) , acetate concentrations were much more uniform with depth than on other dates and only a small maximum at 2 cm was observed. It is possible that this distribution could reflect loss of the surface sediment during retrieval of the box corer. However, there was no evidence of sample loss in 214Th, Chl a O,, and Mn profiles from other subcores collected from the same box core (Green unpubl. data) . Acetate concentrations below the maximum were low (5-10 PM) for cruises in March through late April but increased (to between 10 and 20 PM) beginning in early May.
Acetate concentrations in Long Island Sound sediment (<2-29.8 ,uM,~~) were within the range of values obtained for other marine sediments. For example, previous workers have reported values of 0.1-69 PM, with higher values being more common in coastal sediments (Ansbaek and Blackburn 1980; Michelson et al. 1989; Sansone and Martens 1982; Shaw and McIntosh 1990) . Acetate concentrations in Cape Lookout Bight are much higher (54-660 pM,,J, but these unusually high values reflect the intensity of diagenetic processes in that environment (Sansone and Martens 1982) .
Acetate uptake rate constants-Acetate uptake rate constants in the water column varied from 0.0012 to 0.037 h I (Figs. lB, 2B) , with rate constants in the water increasing as the season progressed. These rate constants are similar to those reported for coastal waters by Billen et al. (1980) and Lee (1992) but are lower than values reported for the oxic layer of the Black Sea water column (Mopper and Kieber 1991) and the Pettaquamscutt Estuary (Wu and Scranton 1994) .
Acetate uptake rate constants were measured in sediments beginning in mid-April (Fig. 4) . Rate constants were relatively low (CO.25 h-l) on the cruise of 12 April, increased slightly in the top O-2 cm by 26 April, and continued to increase at most depths in the sediment column during subsequent cruises. Our rate constants are at the lower end of the first three cruises (1 and 22 March and 12 April; CO.5 nM h-l) before slowly increasing through the final cruise, reaching a maximum value of 9.7 nM h 1 on 28 June. G 7Jun 10
Weighted-average sediment uptake rates-For easier intercruise comparison, weighted-average acetate concentrations, uptake rate constants, and uptake rates were determined for the top 4 cm of cores from each cruise. Integration of the surficial 4 cm of sediment seems reasonable as sediment cores showed that marine fauna reworked bloom phytoplankton to depths of about l-4 cm within l-2 weeks of deposition to the sediment surface (Gerino et al. 1997 ). For each sediment slice, the concentration was corrected for porosity and multiplied by the thickness of the slice, giving the number of moles of acetate present in each depth range per cm2. The values for all slices above 4 cm were summed and the answer was divided by 4, giving the weighted-average concentration. Calculations of weighted-average uptake rate constants were carried out in the same manner, but no correction was made for porosity. Weighted-average uptake rates were determined by calculating an uptake rate for each depth interval and then weighting the results as above. Pro- the range of reported values (0.33-4.3 h-l) for coastal sediments (e.g. Christensen and Blackburn 1982; Michelson et al. 1989; Sansone and Martens 1982) .
Acetate uplake rates-Acetate uptake rates were determined by multiplying the concentration by the uptake rate constant. This calculation assumes that acetate uptake is first order with respect to acetate concentration. Acetate uptake rates in surface water (Fig. 1A) were lowest during the first two cruise (0.85 and 0.3 nM h-l on 1 and 22 March, respectively) and, with the exception of the 10 May maximum of 14.7 nM h-l, increased slowly through the remaining cruises. Bottom-water uptake rates ( Fig. 2A) files of uptake vs. depth appear in Fig. 5 and weighted average values are plotted relative to cruise date in Fig. 6 .
In general, weighted-mean pore-water concentrations were relatively low until after cruise 4 (26 April) and increased dramatically (from 5.4 to 14.3 PM,,~~) by cruise 5 (10 May). Overall, acetate concentrations from 0 to 4 cm are higher in the later four cruises than the initial four cruises. Weightedaverage pore-water concentrations were relatively low until after the cruise on the 26 April but increased greatly (from 5.4 PM,,, to 14.3 fiMset,) by the cruise on 10 May. Following the cruise on 24 May, acetate concentrations began to decrease, reaching values of 7.5 PM,,,, by the end of June. The weighted average rate constants varied from 0.07 h ' on 12 April to 0.59 h 1 on 28 June, showing a marked increase after 1 May following the spring bloom. The uptake rate (Fig. 6B) varied from 0.13 pMscd h I in mid-April to a high of 5.25 /LM,,~ h I in mid-May directly following the spring bloom, after which uptake rates decreased to 2.9 PM,,,, h-' on 7 June. Rates started to increase again (to 4.1 PM,,, h-') on 28 June. Acetate uptake rates in the top 4 cm of the sediment (Fig. 5) were much higher than in the water column (Figs. IA, 2A) , although the pattern of increasing rate as the A. First-order uptake rate constant for acetate uptake and tempcrature. B. Acetate concentrations and uptake rate.
season progressed is similar. Expressed on an areal basis, uptake in the water was on the order of 10% of that in the surface 4 cm of the sediment.
Discussion
The complete decomposition of organic matter in anoxic environments takes place in several steps and involves a number of bacterial species. Typically the process begins with the hydrolysis of complex organic polymers (such as proteins, carbohydrates, and lipids) to smaller molecular weight compounds such as peptides, amino acids, soluble saccharides, and fatty acids. These compounds are converted to CO,, volatile fatty acids, and alcohols by fermentation. Finally, the terminal members of the food web, sulfate reducers (when sulfate is present) and methanogens (when sulfate is absent), convert these fermentation products to carbon dioxide and methane.
Tt is well known that acetate is an important intermediate in organic matter diagenesis (e.g. Alperin et al. 1994; Balba and Nedwell 1982; Lovley and Klug 1982; Michelson et al. 1989; Sorensen et al. 198 1) . One approach has been to show that acetate uptake rates are comparable to, or greater than, sulfate reduction rates in anoxic marine sediment (Christensen and Blackburn 1982; Michelson et al. 1989; Shaw et al. 1984) . However, a fraction (on the order of 50% or more) of the acetate present in sediment pore waters appears to be in some way unavailable for uptake by bacteria (Christensen 1984; Michelson et al. 1989; Novelli et al. 1988; Shaw and McIntosh 1990) . Alperin et al. (1994) took a more direct approach and found that production and consumption of nonacid-volatile DOC were tightly coupled in Cape Lookout Bight, with -97% of the nonacid-volatile DOC being converted into acid-volatile DOC (mostly acetate). Also, acetate uptake rates in the anoxic Pettaquamscutt River were found to be comparable to rates of primary production (Wu and Scranton 1994) . Such results suggest that direct decomposition of macromolecules like peptides, saccharides, and lipids to carbon dioxide is less important than is the fermentation of these compounds to acetate or acetate precursors. However, few studies have addressed the extent to which variations in supply of fresh, labile carbon may alter acetate cycling rates or the speed with which the cycling of the acid-volatile pool may respond to such inputs.
In our study, samples were collected before, during, and after a spring phytoplankton bloom. Chl a in the water column reached a maximum after the third cruise (20 April; Gerino et al. 1997) and was detected in the underlying sediments by cruise 4 (26 April; Green 1996). Sun et al. (1991) had previously shown that increases in sediment Chl a were associated with flux of fresh organic matter to the sediment. Acetate concentration maxima were generally present in the uppermost centimeter of the deposit during most cruises, suggesting that acetate production occurs even during late winter (Fig. 3 ). This agrees with other studies where subsurface maxima have been observed (for example, Alperin et al. 1994; Ansbaek and Blackburn 1980) . In Cape Lookout Bight, the transient subsurface acetate concentration maximum seems to be due to temporal variations in the relative activity of different sulfate-reducing and methanogenic bacteria (Alperin et al. 1994 ). However, methanogenesis does not occur in the top 10 cm of Long Island Sound sediment at any time of year (Martens and Berner 1977) . Michelson et al. (1989) modeled the acetate distribution in salt marsh sediments, finding that the maximum was caused by a balance among three factors: production of acetate from labile precursors that decreases exponentially with depth, metabolic oxidation of acetate to CO,, and diffusive loss of acetate both into the overlying water and to depth in the sediment.
Thus, an increase in acetate concentrations in surface sediments could result from decreasing transport and(or) uptake rates if production rates were constant because reaction products would accumulate. In the present study, however, uptake rates showed an approximately sixfold increase in the cruises following bloom deposition. In addition, Green (1996) showed that, over the period of increasing acetate inventories, transport increased by roughly a factor of three due to the activities of macrobenthic animals. Maintaining higher postbloom acetate inventories with dramatic increases in both transport and uptake rates suggests that acetate production must have also increased significantly following bloom deposition. If production ceased, transport and oxidation would lower acetate concentrations to undetectable levels in less than a day.
Although there is no obvious change in the size or position of the acetate pore-water maximum following bloom deposition, acetate concentrations averaged over the surficial 4 cm of the deposit were low and relatively constant prior to the bloom (a weighted average for the top 4 cm of about 2 pMscd) and increased following bloom deposition (5 PM,,, by 26 April and to 15 PM,,,, by 10 May). This is consistent with the hypothesis that acetate was being produced by decomposition of the freshly deposited organic matter. Similar results were seen by Schulz and Conrad (1995) who noted an obvious seasonality in acetate production that correlated with deposition of phytoplankton to the underlying sediments of a deep lake. In addition, the approximate IO-fold increase in acetate uptake rate constants observed in our study in surface and bottom waters following the bloom (-0.025 h ') as compared with before the start of the bloom (-0.0025 h I) may reflect decomposition of spring bloom phytoplankton in the water column.
There are several ways in which acetate uptake rates can be stimulated by an influx of labile organic matter to the sediment. In this study, proliles of Chl a and of acetate in the sediment showed many similarities, including maxima at the same depths in a number of cores (Gerino et al. 1997) . Following the onset of the spring bloom, the concentration of Chl a in the surface 0.5-I cm of the sediments increased by a factor of 2 (Gerino et al. 1997) , and the acetate concentration increased by a factor of 1.7. This correlation could be the result of a rapid increase in bacterial populations during the bloom period, possibly associated with the increase in fresh algal debris and(or) algal exudates. Alternatively, polymeric organic compounds available for metabolism immediately following a bloom may be much more easily degradablc by native populations than are the more resistant compounds still present in the sediment weeks or months following the last large introduction of organic matter.
To assess the extent to which uptake of acetate follows respiration of organic matter, rates of acetate conversion to CO, in the sediments can be directly compared with measurements of the flux of ZCO, (produced during respiration of organic matter) from the sediments (Green 1996) . Green (1996) estimated XCO, fluxes in several ways, including direct measurement from plug incubations, estimates based on the carbon/Chl a ratio in deposited phytoplankton (unpubl. data), and from diffusive fluxes based on gradients in porewater XCO, profiles. Production of CO, from acetate was assumed to be twice the acetate uptake rate as there are two carbon atoms in each acetate molecule. For direct comparison of the ZCO, flux estimates of Green (1996) derived by using the surficial O-4 cm, we have presented CO, production from acetate integrated over the same depth interval (Fig. 7) . gradients, Chl a inventories, and stoichiometric estimates based on acetate oxidation all follow the same overall pattern. During winter, prior to deposition of the spring bloom, fluxes of XCO, from sediments are low and relatively constant. This is indicative of refractory carbon sources, cold temperature, and low metabolic activity. However, following the spring bloom and accumulation of reactive carbon in sediments, the flux of XCO, based on each method shows a steady increase. In general, lluxes increased steadily until the last sampling date in late June. The agreement between estimates of ZCO, flux from Chl a inventories and production of ZCO, based on pore-water gradients and sediment incubations with estimates based on acetate conversion demonstrate the importance of acetate as an intermediate product of carbon degradation and a sensitive indicator of the diagenetic remineralization reactions associated with carbon decomposition. Considering the many sources of uncertainty involved in the different ways of calculating the X0, flux, the agreement between the different estimates is quite remarkable.
A second major control on metabolic activity in coastal sediments is temperature. During this study, the spring bloom was very late and occurred after water temperatures had already begun to increase. Gerino et al. (1997) found that the flux of Chl a to Long Island Sound sediments during the PULSE project correlated linearly with temperature (r2 = 0.904). This fact greatly complicates our ability to separate effects of temperature from effects of carbon flux. In one approach, Green (1996) used what are commonly called Arrhenius plots to differentiate between the influence of increasing temperature and reactive carbon on CCO, production. This method calculates slopes of plots of the natural logarithm of pore-water XCO, production rate for depths from O-2 cm and 2-4 cm against temperature (l/T). These figures yield apparent activation energies (E,; as used by Swider and Ma&in 1989) for 24 May to 28 June (cruises 9-l 1 covering the period following bloom deposition and during the most rapid increase in XCO, flux) that show large differences between the O-2-cm interval (-3 1 kcal mol. I) and the 2-4-cm interval (-11 kcal mol-I). In contrast, during the early part of the season (cruises l-3; DecemberMarch), prior to the spring bloom and when the X0, flux was constant and low, activation energies did not differ between these two depth intervals. Green (1996) suggested that the effect of reactive substrate addition is indicated by the activation energy differences observed between the O-2-and 2-4-cm depth intervals during periods of higher carbon flux.
Acetate uptake data are not available for cruises l-3 prior to the initiation of the bloom. However, we were able to calculate activation energies from the acetate uptake rate data from the O-2-cm and 2-4-cm interval for the period immediately following bloom deposition (cruises 9-l 1). These activation energies were very low (2.5 kcal mol I) and identical at the two depths, suggesting little dependence on temperature of acetate uptake at this time. A more qualitative assessment of the effect of temperature can be made by inspection of Figs. 4 and 5. The first noteworthy observation is that acetate uptake was low at all depths (to 10 cm) for the cores from cruises 6-8 (mid-April to mid-May) and that acetate uptake increased dramatically at all depths following the start of the bloom. The temperature increased from 0.4"C on cruise 5 to 8.7"C on cruise 8, suggesting that at least part of the uptake rate increase is due to the warming of the sediments because there is no evidence from the Chl a data that fresh organic matter was mixed below 4 cm during the sample period. However, we do not think that the entire increase in the rate of acetate uptake can be attributed to changes in temperature. After cruise 8, the uptake rate remained constant or decreased even though temperature continued to increase from 7.8 to 15.8"C. The changes in average uptake rate plotted in Fig. 6 seem to be almost a step function, rather than a gradual increase following warming of the Sound.
For Long Island Sound, pore-water acetate concentrations increased by a factor of about 4, and acetate uptake rate constants increased by more than an order of magnitude between March and June 1993. Over this period temperature increased from near 0 to 15.8"C and the flux of Chl a to the sediment increased by a factor of 8. Acetate oxidation rates during this period seem to be tightly coupled to the flux of lable organic matter to the sediments, although temperature changes also play an important role. Rates of oxidation of acetate to carbon dioxide were comparable to estimates of Z$CO, flux out of the sediment, suggesting that acetate is a key intermediate in the decomposition of labile fractions of organic carbon deposited during the spring bloom.
